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(54) Bio-device and quantitative measurement apparatus and method using the same 


(57) A bio-device includes a sample application sec- 
tion; an indicator substance holding section; and a de- 
termination section. The sample application section, the 
indicator substance holding section, and the determina- 
tion section are located so that a liquid sample applied 
to the sample application section is transferred to the 
determination section via the indicator substance hold- 
ing section. At leastthe indicator substance holding sec- 
tion and the determination section are included in a sin- 


gle member. The indicator substance holding section 
has a first substance group containing a substance spe- 
cifically reacting with a target substance, wherein the 
first substance group is held so as to be capable of being 
eluted by the applied liquid sample. After the first sub- 
stance group is eluted by the liquid sample applied to 
the sample application section, thefirst substance group 
flows as a mass having a leading end and a trailing end 
during flowing. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

[0001] The present invention relates to a bio-device, 
used in a dry chemistry examination method, for meas- 
uring a substance contained in a sample solution, and 
a quantitative measurement apparatus and method us- 
ing such a bio-device. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] Recently, a variety of test methods have been 
utilized in clinical tests. One of them is a test method 
using dry chemistry. Dry chemistry is a method for 
measuring a target substance in a liquid sample by drop- 
ping the liquid sample onto a reagent stored in a dry 
state in a solid layer matrix, such as, for example, a film 
or a test paper. This method can be carried out by amon- 
olayerdevice or a multi-layer device. The monolayer de- 
vice includes a single layer matrix including a filter hold- 
ing a reagent. The multi-layer device includes a combi- 
nation of a capillary-flow (developing) layer, a reaction 
layer, a reagent layer, and the like for holding a reagent. 
Both the monolayer and multi-layer devices, in which a 
reagent is already held on a solid layer matrix, have fea- 
tures in that (i) it is not necessary to adjust the reagent, 
(ii) the device is stored in a small space, and (iii) only a 
small amount of target substance is required. A repre- 
sentative test method using dry chemistry is immuno- 
chromatography. Immunochromatography is a test 
method which utilizes an antigen-antibody reaction and 
a capillaryphenomenon. In a device for immunochroma- 
tography, an immobilized antibody (or an antigen) and 
an antibody (or an antigen) labeled as an indicator rea- 
gent are held in a dry state on a carrier formed of a po- 
rous member represented by a membrane filter. In a 
test, a test sample containing an antigen (or an anti- 
body) is placed on the device and flows by a capillary 
phenomenon. Reaction sites are colored by sandwich- 
type antigen-antibody reactions, so as to identify an an- 
tigen (or an antibody), detect the presence or absence 
thereof, or measure the amount thereof. In addition to 
the sandwich type reaction, a competitive type reaction 
may be used as an alternative antigen-antibody reaction 
for immunochromatography. The structure of a device 
and the test method are substantially the same as de- 
scribed above. 

[0003] Figures 1A and 1B show a structure of a con- 
ventional immunochromatographic device. Figure 1 A is 
apian viewthereof, and Figure 1B is aside view thereof. 
The conventional immunochromatographic device in- 
cludes a substrate 11 formed of a porous material. A 
determination section 16 is provided in the substrate 1 1 . 
A sample application section 13, an indicator substance 
holding section 12, a water absorption section 14 which 


are formed of different materials are provided on the 
substrate 1 1 . The substrate 1 1 , the sample application 
section 13, the indicator substance holding section 12, 
and the water absorption section 14 are stacked on an 
5 underlying substrate 15. 

[0004] The indicator substance holding section 12 
carries a first antibody specifically reacting with a target 
substance and labeled with a labeling substance, in a 
state where the first antibody can be eluted. The deter- 
10 mination section 16 has a second antibody specifically 
reacting with the target substance immobilized thereto. 
A liquid sample applied to the sample application sec- 
tion 1 3 flows while eluting the first antibody from the in- 
dicator substance holding section 12 and reaches the 
15 determination section 1 6. When the target substance is 
contained in the liquid sample, the first antibody - target 
substance - second antibody complex is formed in the 
determination section 16. Since the indicator substance 
holding section 12 and the determination section 16 are 
20 formed of different materials, the first antibody from the 
indicator substance holding section 1 2 is diffused as the 
first antibody gradually exudes from the indicator sub- 
stance holding section 12 toward the determination sec- 
tion 1 6. Therefore, the flow of the first antibody from the 
25 indicator substance holding section 12 is not disrupted. 
[0005] In addition to the above-described advantages 
of dry chemistry, a test method utilizing immunochroma- 
tography has the advantages of ease of handling, quick 
determination, and low cost. The test method is appli- 
30 cable to point of care testing (POCT) which has recently 
received attention, as well as clinical tests. POCT is a 
general term for clinical tests for which the time period 
from the stage of sampling to the stage of obtaining the 
result is considered to be most important. 
35 [0006] Conventional bio-devices usable for POCT re- 
quire 3 to 5 minutes to obtain the determination result 
after sampling. There has been a demand for a reduc- 
tion of this time period. For some target substances, 
quantitative measurement is often required in addition 
40 to qualitative measurement. The conventional bio-de- 
vices usable for POCT do not provide satisfactory quan- 
titative measurement in terms of reproducibility. 

SUMMARY OF THE INVENTION 

45 

[0007] According to one aspect of the invention, a bio- 
device used for measuring a target substance included 
in a liquid sample includes a sample application section; 
an indicator substance holding section; and a determi- 
ne nation section. The sample application section, the in- 
dicator substance holding section, and the determina- 
tion section are located so that the liquid sample applied 
to the sample application section is transferred to the 
determination section via the indicator substance hold- 
55 jng section . At least the indicator substance holding sec- 
tion and the determination section are included in a sin- 
gle member. The indicator substance holding section 
has a first substance group containing a substance spe- 
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cifically reacting with the target substance, wherein the 
first substance group is held so as to be capable of being 
eluted by the applied liquid sample. After the first sub- 
stance group is eluted by the liquid sample applied to 
the sample application section, the first substance group 
flows as a mass having a leading end and a trailing end 
during flowing. 

[0008] According to another aspect of the invention, 
a bio-device used for measuring a target substance in- 
cluded in a liquid sample includes a sample application 
section; an indicator substance holding section; and a 
determination section. The sample application section, 
the indicator substance holding section, and the deter- 
mination section are located so that the liquid sample 
applied to the sample application section is transferred 
to the determination section via the indicator substance 
holding section. At least the indicator substance holding 
section and the determination section are included in a 
single member. The indicator substance holding section 
has a first substance group containing a substance spe- 
cifically reacting with the target substance, wherein the 
first substance group is held so as to be capable of being 
eluted by the applied liquid sample. The determination 
section has a second substance group containing a sub- 
stance specifically reacting with the target substance, 
the second substance group being in an immobilized 
state. In a process in which the first substance group 
contained in the indicator substance holding section is 
eluted by the action of the liquid sample applied to the 
sample application section and reaches the determina- 
tion section together with the liquid sample while being 
diffused in a moving direction of the liquid sample, a 
holding width A of the indicator substance holding sec- 
tion in the moving direction of the liquid sample before 
the application of the liquid sample, and a diffusion width 
B, which is a width of the indicator substance, relative 
to the holding width A, in the moving direction of the liq- 
uid sample when a trailing end of the first substance 
group reaches the determination section, has a ratio A: 
B of 1:0.25 to 1:1. 

[0009] In one embodiment of the invention, an area 
between the indicator substance holding section and the 
determination section is equal to or greater than 3 mm 2 
and equal to or less than 1 50 mm 2 . 
[0010] In one embodiment of the invention, the sam- 
ple application section, the indicator substance holding 
section, and the determination section are in a dry state 
before the liquid sample is applied. 
[001 1] In one embodiment of the invention, the liquid 
sample is a bodily fluid. 

[0012] In one embodiment of the invention, the sub- 
stance contained in the first substance group specifical- 
ly reacting with the target substance is labeled with a 
coloring substance, a fluorescent substance, a phos- 
phorescent substance, a light-emitting substance, an 
oxidoreductant, an enzyme, a nucleic acid, or an endo- 
plasmic reticulum. 

[0013] In one embodiment of the invention, the color- 


ing substance is a gold colloidal particle. 
[0014] In one embodiment of the invention, the first 
substance group includes a first antibody against the 
target substance, and the second substance group in- 
5 eludes a second antibody against the target substance. 
[0015] In one embodiment of the invention, the first 
substance group includes a first antibody and a second 
antibody against the target substance, the second anti- 
body is labeled with biotin, and the second substance 
10 group includes avidin specifically reacting with biotin. 
[0016] In one embodiment of the invention, the first 
substance group includes a first antibody and a second 
antibody against the target substance, the second anti- 
body is labeled with a magnetic substance, and the sec- 
15 ond substance group includes a substance magnetically 
capturing the magnetic substance. 
[0017] In one embodiment of the invention, the indi- 
cator substance holding section and the determination 
section are included in a porous member. 
20 [0018] In one embodiment of the invention, the porous 
member is a nitrocellulose-based membrane. 
[001 9] In one embodiment of the invention, the sam- 
ple application section is stacked on the porous member 
including the indicator substance holding section and 
25 the determination section. 

[0020] In one embodiment of the invention, the bio- 
device further includes a water absorption section pro- 
vided on the porous member including the indicatorsub- 
stance holding section and the determination section, 
30 the water absorption section being opposite to the indi- 
cator substance holding section with respect to the de- 
termination section. 

[0021] In one embodiment of the invention, the bio- 
device further includes a member, which is non-perme- 
35 able to the liquid sample, adhering to at least a portion 
of the sample application section, the indicator sub- 
stance holding section and the determination section. 
[0022] According to still another aspect of the inven- 
tion, a quantitative measurement apparatus for meas- 
40 uring a target substance included in a liquid sample in- 
cludes any of the above-described bio-devices; and a 
measuring device for quantitatively measuring a physi- 
cal or chemical signal obtained at a determination sec- 
tion of the bio-device. 
45 [0023] According to still another aspect of the inven- 
tion, a quantitative measurement method for measuring 
a target substance included in a target substance using 
the above-described quantitative measurement appara- 
tus includes the steps of applying a prescribed amount 
50 of a liquid sample to a sample application section: and 
quantitatively measuring a physical or chemical signal 
obtained at a determination section by a measuring de- 
vice of the quantitative measurement apparatus. 
[0024] Thus, the invention described herein makes 
55 possible the advantages of providing a bio-device for re- 
alizing rapid, highly precise, and highly reproducible 
qualitative and quantitative measurements of a target 
substance in a liquid sample; and a quantitative meas- 
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urement apparatus and a quantitative measurement ap- 
paratus method using such a bio-device. 
[0025] These and other advantages of the present in- 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 

Figure 1 A is a plan view of a conventional immun- 
ochromatographic device; 

Figure 1 B is a side view of the conventional immu- 
nochromatographic device shown in Figure 1 A; 

Figure 2 is a graph illustrating an exemplary method 
for determining a holding width A of a bio-device ac- 
cording to the present invention using an optical 
method; 

Figure 3 is a graph illustrating an exemplary method 
for determining a diffusion width B of the bio-device 
according to the present invention using an optical 
method; 

Figure 4 is an isometric view of a position setting 
device body 40 for determining the determination 
section according to the present invention; 

Figure 5A is a plan view of a bio-device according 
to an example of the present invention; 

Figure 5B is a side view of the bio-device shown in 
Figure 5A; 

Figure 6 is a graph illustrating the relationship 
among the diffusion width B/holding width A. the CV 
value and the absorbance obtained when the hCG 
concentration in urine was measured using the bio- 
device according to the present invention; 

Figure 7 is a graph illustrating the hCG concentra- 
tion in urine obtained using a bio-device having the 
diffusion width B/holding width A ratio of 5%; 

Figure 8 is a graph illustrating the hCG concentra- 
tion in urine obtained using a bio-device having the 
diffusion width B/holding width A ratio of 50%; 

Figure 9 is a graph illustrating the hCG concentra- 
tion in urine obtained using a bio-device having the 
diffusion width B/holding width A ratio of 120%; 

Figure 10 is a graph illustrating the hCG concentra- 
tion in urine obtained using a bio-device in which 
the area between an indicator substance holding 


section and a determination section is 175 mm 2 ; 

Figure 1 1 is a graph illustrating the hCG concentra- 
tion in urine obtained using a bio-device in which 
5 the area between an indicator substance holding 
section and a determination section is 50 mm 2 ; and 

Figure 1 2 is a graph illustrating the hCG concentra- 
tion in urine obtained using a bio-device in which 
10 the area between an indicator substance holding 
section and a determination section is 5 mm 2 . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

15 

[0027] A bio-device according to an example of the 
present invention used for measuring a target sub- 
stance contained in a liquid sample will be described 
with the reference numerals shown in Figures 5A and 
20 5B. 

[0028] According to the present invention, the bio-de- 
vice includes a sample application section 52; an indi- 
cator substance holding section 51 ; and a determination 
section 54. The sample application section 52, the indi- 
es cator substance holding section 51 , and the determina- 
tion section 54 are located so that the liquid sample ap- 
plied to the sample application section 52 is transferred 
to the determination section 54 via the indicator sub- 
stance holding section 51. At least the indicator sub- 

30 stance holding section 51 and the determination section 
54 are included in a single member. The indicator sub- 
stance holding section 51 has a first substance group 
containing a substance specifically reacting with the tar- 
get substance with an indicator. The substance group is 

35 held so as to be capable of being eluted. 

[0029] After the first substance group is eluted by the 
liquid sample applied to the sample application section 
52, the first substance group flows as a mass having a 
leading end and a trailing end during flowing. 

40 [0030] More specifically, the first substance group 
contained in the indicator substance holding section 51 
is eluted by the action of the liquid sample which is ap- 
plied to the sample application section 52, and reaches 
the determination section 54 together with the liquid 

45 sample while being diffused in a moving direction of the 
liquid sample (direction of arrow M in Figure 5A). 
[0031] The determination section 54 has a second 
substance group containing a substance specifically re- 
acting with the target substance. The second substance 

50 group is immobilized to the determination section 54. 
[0032] In this specification, the term "holding width A" 
is defined as the width of an indicator substance holding 
section formed of the first substance group, in a moving 
direction of the liquid sample, before the application of 

55 the liquid sample. The term "diffusion width B" is defined 
as a width of the first substance group, relative to the 
holding width A, in the moving direction of the liquid sam- 
ple when a trailing end of the first substance group 
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reaches the determination section. According to the 
present invention, the holding width A and the diffusion 
width B has a ratio A:B of 1 :0.25to 1 :1 . Also in this spec- 
ification, the term "moving direction" is defined as the 
moving direction of the liquid sample represented by ar- 
row M in Figure 5A. 

[0033] In the bio-device according to the present in- 
vention, the indicator substance holding section 51 and 
the determination section 54 are included in a single 
member. Due to such a structure, when a liquid sample 
is introduced to the sample application section 52, the 
first substance group, eluted by the action of the liquid 
sample, starts moving in a state of a mass and moves 
toward the determination section 54 while being diffused 
in the moving direction. Then, the first substance group 
passes through the determination section 54 in a short 
period of time. In a conventional bio-device, by contrast, 
the first antibody (corresponding to the first substance 
group) from the indicator substance holding section 12 
is diffused toward the determination section 16 as the 
first antibody gradually exudes without disruption. 
Therefore, a longer time period is required until a suffi- 
cient amount of first antibody reaches the determination 
section 16 than in the bio-device according to the 
present invention. The bio-device according to the 
present invention, which causes the reaction at the de- 
termination section 54 in a shorter time period than in 
the conventional bio-device, shortens the determination 
time. For example, most of the pregnancy tests per- 
formed by immunochromatographic devices require 3 
to 5 minutes to obtain a sufficient determination result 
after sampling. The bio-device according to the present 
invention provides a determination result in a shorter 
time period than 3 minutes with certainty. 
[0034] When the first substance group starts eluting 
from the indicator substance holding section 51 , a width 
of the first substance group in the moving direction with 
respect to the holding width A is smaller than 25%. As 
the first substance group comes closer to the determi- 
nation section 54, the width of the first substance group 
increases. 

[0035] The width of the first substance group increas- 
es for the following reason. The flowing speed of the liq- 
uid sample which moves the first substance group is 
maximum when the liquid sample is applied to the sam- 
ple application section 52, and decreases overtime. As 
the flowing speed of the liquid sample decreases, the 
first substance group is diffused more and more easily. 
Therefore, the width of the first substance group in- 
creases overtime. 

[0036] In order to improve the precision of the quan- 
titative measurement of a target substance contained in 
a liquid sample using the bio-device according to the 
present invention, it is required that the reaction at the 
determination section 54 occurs uniformly. As the width 
of the first substance group increases, the diffused state 
of the first substance group becomes less uniform 
among various points of the first substance group, due 


to the moving speed difference. Accordingly, the preci- 
sion of the quantitative measurement depends on the 
magnitude of the diffusion width B. 
[0037] One exemplary index showing the precision of 
5 the quantitative measurement is coefficient of variation 
(hereinafter, referred to as a "CV value", which is calcu- 
lated as a standard deviation/average x 100). As the 
CV value is smaller, the precision of measurement is 
higher. 

10 [0038] In the bio-device in this example, the determi- 
nation section 54 is located such that the ratio of A:B is 
in the range of 1 :0.25 to 1:1; i.e., the B/A ratio is in the 
range of 25% to 1 00%. Due to such a setting, a meas- 
urement which is more precise than in a conventional 

15 device can be realized in a short period of time and with 
higher reproducibility. 

[0039] In the case where the determination section 54 
is provided at such a position that the B/A ratio is less 
than 25%, the target substance - first substance group 

20 complex passes through the determination section 54 
in an excessively short time period after the liquid sam- 
ple is applied to the sample application section 52. 
Therefore, the target substance - first substance group 
complex passes through the determination section 54 

25 at a very high speed, before sufficiently reacting with the 
second substance group at the determination section 
54. Therefore, sufficient determination results can not be 
obtained. 

[0040] In the case where the determination section 54 

30 is provided at such a position that the B/A ratio is more 
than 100%, an excessively long time period is required 
before the target substance -first substance group com- 
plex passes through the determination section 54. The 
flowing speed of the liquid sample is low and thus rapid 

35 determination cannot be provided, although the target 
substance - first substance group complex reacts with 
the second substance group sufficiently. Additionally 
the diffusion width B is large and is not uniform, and 
therefore the precision of quantitative measurement is 

40 deteriorated. 

[0041] In the case where the liquid sample has a rel- 
atively high viscosity such as, for example, blood, the 
flowing speed of the liquid sample is relatively low. 
Therefore, the ratio of A:B is preferably in the range of 

45 1 ;o.25 to 1 :0.50, so as to shorten the time period before 
the target substance - first substance group complex 
passes through the determination section 54. By con- 
trast, in the case where the liquid sample has a relatively 
low viscosity such as, for example, urine, the flowing 

50 speed of the liquid sample is relatively high. Therefore, 
the ratio of A:B is preferably in the range of 1 :0.50 to 1 : 
1 , so as to extend the time period before the target sub- 
stance - first substance group complex passes through 
the determination section 54. 

55 [0042] The holding width A and the diffusion width B 
can be determined by, for example, an optical method. 
First, an exemplary method for determining the holding 
width A will be described. 
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[0043] A bio-device is placed on a scanning stage of 
a reflection absorbance spectrometer. The bio-device is 
scanned so as to measure the reflection absorbance of 
the first substance group. Figure 2 is a graph illustrating 
the resulting relationship between the holding width A 
and the absorbance. Based on Figure 2, the holding 
width A is defined as the scanning length in the range 
where the absorbance is equal to or greater than 0.01 . 
[0044] The diffusion width B (i.e., a width of the first 
substance group, relative to the holding width A, in the 
moving direction when a trailing end of the first sub- 
stance group reaches the determination section 54) can 
be determined as follows. The manner of the flow of the 
first substance group on the bio-device occurring when 
the liquid sample is applied to the sample application 
section 52 is examined by measurement over time of 
reflection absorbance. The light is pre-setto be directed 
to a position of the bio-device which is appropriate for 
the determination section 54. Then ; the liquid sample is 
dropped to the bio-device so as to cause the first sub- 
stance group to flow. When the first substance group 
reaches the position irradiated with light, the absorb- 
ance drastically increases. When the first substance 
group further moves and passes over the position irra- 
diated with light, the absorbance decreases. Based on 
the difference in absorbance, the leading end and the 
trailing end of the first substance group are found. Thus, 
the width of the first substance group when the trailing 
end thereof reaches the determination section 54 can 
be obtained. Thus, the diffusion width B can be ob- 
tained. In this example, the absorbance is measured us- 
ing a portion of the bio-device which does not contain 
the second substance group as the reference. The point 
at which the absorbance decreases to 0.3 after first in- 
creasing is defined as the trailing end. 
[0045] When the position of the trailing end of the first 
substance group is obtained, the bio-device is scanned 
in a direction opposite to the moving direction of the liq- 
uid sample (a direction opposite to the direction repre- 
sented by arrow M in Figure 5A). Thus, as shown in Fig- 
ure 3, the reflection absorbance is obtained with respect 
to the scanning distance. Based on Figure 3, a point, at 
which the absorbance is substantially stabilized after 
first increasing and then decreasing when the bio-de- 
vice is scanned in the opposite direction from the trailing 
end of the first substance group, is defined as the lead- 
ing end. The width of the first substance group in the 
moving direction is the distance between the leading 
end and the trailing end of the first substance group. 
[0046] The first substance group may be non-uniform 
depending on themanner of theflow of the liquid sample 
or the state of the surface of the bio-device. Tailing may 
occurto the trailing end of thefirst substance group. The 
reason why the point at which the absorbance decreas- 
es to 0.3 is defined as the trailing end as described 
above is to eliminate the tail portion from the diffusion 
width B even when tailing occurs. 
[0047] The holding width A and the diffusion width B 


can be determined by other methods than the optical 
method. For example, when the indicator substance 
contained in the first substance group has electrochem- 
ical properties, the holding width A and the diffusion 
5 width B can be determined by using an electrochemical 
detection method instead of a method using a reflection 
absorbance spectrometer. 

[0048] According to another embodiment of the inven- 
tion, the bio-device includes a sample application sec- 

10 tion 52; an indicator substance holding section 51 ; and 
a determination section 54. The sample application sec- 
tion 52, the indicator substance holding section 51 , and 
the determination section 54 are located so that the liq- 
uid sample applied to the sample application section 52 

15 is transferred to the determination section 54 via the in- 
dicator substance holding section 51 . At least the indi- 
cator substance holding section 51 and the determina- 
tion section 54 are included in a single member. The in- 
dicator substance holding section 51 has a first sub- 

20 stance group containing a substance specifically react- 
ing with the target substance In this state, the substance 
group can be eluted. The determination section 54 has 
a second substance group specifically reacting with the 
target substance. The second substance group is im- 

25 mobilized to the determination section 54. 

[0049] The area between the indicator substance 
holding section 51 and the determination section 54 is 
in the range of 3 mm 2 and 150 mm 2 . 
[0050] With such a structure, the time period from 

30 when the liquid sample is applied to the sample appli- 
cation section 52 until the first substance group passes 
through the determination section 54 can be controlled. 
Therefore, the diffusion width B is uniformized. Thus, the 
same effect as provided by the bio-device in the above- 

35 described embodiment can be provided. 

[0051] In the case where the liquid sample has a rel- 
atively high viscosity such as, for example, blood, the 
flowing speed of the liquid sample is relatively low. 
Therefore, the area between the indicator substance 

40 holding section 51 and the determination section 54 is 
preferably in the range of 3 mm 2 to 25 mm 2 , so as to 
shorten the time period before the first substance group 
passes through the determination section 54. By con- 
trast, in the case where the liquid sample has a relatively 

45 low viscosity such as, for example, urine, the flowing 
speed of the liquid sample is relatively high. Therefore, 
the area between the indicator substance holding sec- 
tion 51 and the determination section 54 is preferably in 
the range of 25 mm 2 to 150 mm 2 , so as to extend the 

50 time period before the first substance group passes 
through the determination section 54. 
[0052] According to the present invention , the sample 
application section 52, the indicator substance holding 
section 51 and the determination section 54 are prefer- 

55 ably in a dry state before a liquid sample is applied to 
the sample application section 52. Before the liquid 
sample is applied, the bio-device can be provided as a 
dry device, which is easier to handle and is suitable as 
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a simple device usable for POCT. 
[0053] The bio-device according to the present inven- 
tion is usable in the fields of, for example, urine tests, 
pregnancy tests, water quality tests, stool tests, soil 
analysis, and food analysis. A liquid sample may be an 
aqueous solution or an organic solution. Solutions usa- 
ble as the liquid sample include, for example, bodily flu- 
ids, river water, seawater, groundwater, and aqueous 
solutions obtained by dissolving soil or food. The bodily 
fluids include, for example, blood, plasma, serum, urine, 
saliva, sweat, and tears. 

[0054] Target substances in the present invention in- 
clude, for example, bacteria, erythrocyte, proteins and 
viruses. Exemplary bacteria include tubercle bacillus, 
and Enterobacteriaceae. Exemplary proteins include 
hemoglobin, hemoglobin A1c, high density lipoproteins 
(HDL), low density lipoproteins (LDL), C-reactive pro- 
teins (CRP), albumin, and a fetoproteins. Exemplary vi- 
ruses include AIDS virus and hepatitis C virus. 
[0055] The substance, contained in the first sub- 
stance group, specifically reacting with the target sub- 
stance is preferably labeled with a coloring substance, 
a fluorescent substance, a phosphorescent substance, 
a light-emitting substance, an oxidoreductant, an en- 
zyme, a nucleic acid, or an endoplasmic reticulum. Ex- 
emplary coloring substances include gold colloid, silver 
colloid, selenium colloid, colored latex, cyanine, and 
azo. Exemplary fluorescent substances include aromat- 
ic compounds such as pyrene, aromatic compounds 
substituted with functional groups such as dansyl, fluo- 
rescein, rhodamine, and coumarin. Exemplary phos- 
phorescent substances include benzophenone. Exem- 
plary light-emitting substances include substances 
emitting light by the format of, for example, a light emit- 
ting reaction of luciferin and ATP. Exemplary oxidore- 
ductants include substances generating an electric cur- 
rent by the format of, for example, an oxidation-reduc- 
tion reaction of glucose and glucose oxidase. Exempla- 
ry endoplasmic reticula include micelle and liposome. 
Among these substances, gold colloid is most prefera- 
ble. 

[0056] The substances specifically reacting with the 
target substance according to the present invention in- 
clude, for example, antigens, antibodies, nucleic acids, 
enzymes and receptor. It is preferable that the first sub- 
stance group includes a first antibody against the target 
substance and the second substance group includes a 
second antibody against the target substance. The first 
antibody and the second antibody may each be any an- 
tibody specifically reacting with the target substance. 
Exemplary antibodies usable as the first and second an- 
tibodies include anti-cell antibodies, anti-protein anti- 
bodies, anti-glycoprotein antibodies, anti-enzyme anti- 
bodies, anti-polysaccharide antibodies, anti-bacterium 
antibodies, and anti-virus antibodies. Either monoclonal 
antibodies or polyclonal antibodies are usable. 
[0057] As the first and second antibodies specifically 
reacting with one same type of target substance, any 


combination of antibodies which recognize different an- 
tigenic determinants (epitopes) of the target substance 
is usable. 

[0058] The first substance group may include a first 
5 antibody and a second antibody against the target sub- 
stance, the second antibody may be labeled with biotin, 
and the second substance group may include avidin 
specifically reacting with biotin. Due to such a structure, 
the first antibody and the second antibody labeled with 
avidin flow while forming a complex via the target sub- 
stance in the liquid sample. Atthe determination section 
54, biotin and avidin in the complex specifically react 
with each other, thus allowing the target substance to 
be captured atthe determination section 54. 
[0059] The first substance group may include a first 
antibody and a second antibody against the target sub- 
stance, the second antibody may be labeled with a mag- 
netic substance, and the second substance group may 
include a substance magnetically capturing the magnet- 
ic substance. Due to such a structure, the first antibody 
and the second antibody labeled with the magnetic sub- 
stance flow while forming a complex via the target sub- 
stance in the liquid sample. Atthe determination section 
54, the magnetic substance in the complex is magneti- 
cally captured, thus allowing the target substance to be 
caught at the determination section 54. The magnetic 
substance is, for example, amagnetic particle such as 
iron oxide or aluminum oxide. The magnetic substance 
can be magnetically captured by, for example, providing 
a magnet in the determination section 54. 
[0060] The sample application section 52, the indica- 
tor substance holding section 51 and the determination 
section 54 may be formed of any material which allows 
the liquid sample to flow at an appropriate speed by a 
capillary phenomenon. For example, the sample appli- 
cation section 52, the indicator substance holding sec- 
tion 51 and the determination section 54 may be formed 
of a porous member such as, for example, a nitrocellu- 
lose-based membrane, a cellulose acetate membrane, 
and a glass filter. Among these members, a nitrocellu- 
lose-based membrane is preferably used. 
[0061] The sample application section 52 may be 
stacked on the porous member including the indicator 
substance holding section 51 and the determination 
section 54. Due to such a structure, a sufficient amount 
of liquid sample can be supplied to the porous member 
including the indicator substance holding section 51 and 
the determination section 54. The sample application 
section 52 may be formed of, for example, a water ab- 
sorptive porous memberformed of unwoven cloth orthe 
like. 

[0062] The bio-device may further include a water ab- 
sorption section 56 provided on the porous member in- 
cluding the indicator substance holding section 51 and 
the determination section 54, on the side opposite to the 
indicator substance holding section 51 with respect to 
the determination section 54. Due to such a structure, 
the excessive amount of liquid sample on the porous 
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member including the indicator substance holding sec- 
tion 51 and the determination section 54 can be ab- 
sorbed. The water absorption section 56 may be formed 
of, for example, a porous member such as a glass fiber 
filter. 

[0063] The bio-device is preferably accommodated in 
a hollow case. The hollow case is formed of, for exam- 
ple, a plastic material, and has openings in correspond- 
ence with at least the determination section 54 and the 
sample application section 52. The hollow case pro- 
vides an effect of preventing the liquid samplefrom leak- 
ing outside. 

[0064] A member which is non-permeable tothe liquid 
sample preferably adheres to at least a portion of the 
sample application section, the indicator substance 
holding section and the determination section. For ex- 
ample, an adhesive tape formed of a material which is 
non-permeable to the liquid sample may be bonded. 
This provides an effect of preventing the liquid sample 
from leaking outside, and also an effect of controlling 
the flow rate of the liquid sample on the bio-device and 
uniformizing the flow of the liquid sample. 
[0065] A quantitative measurement apparatus ac- 
cordingto the present invention is for measuring a target 
substance included in a liquid sample. The quantitative 
measurement apparatus includes the above-described 
bio-device; and a measuring device for quantitatively 
measuring a physical or chemical signal obtained at a 
determination section 54 of the bio-device. As the meas- 
uring device for quantitatively measuring a physical or 
chemical signal, any device which can convert a change 
in the color intensity of the determination section 54 into 
a numerical value is usable. For example, a device 
which can measure the reflection absorbance is usable. 
[0066] A quantitative measurement method accord- 
ing to the present invention is for measuring a target 
substance included in a target substance using the 
above-described quantitative measurement apparatus. 
The quantitative measurement method comprising the 
steps of applying a prescribed amount of a liquid sample 
to a sample application section 52; and quantitatively 
measuring a physical or chemical signal obtained at a 
determination section 54 by a measuring device of the 
quantitative measurement apparatus. In the step of ap- 
plying the prescribed amount of the liquid sample to the 
sample application section 52, the liquid sample is ac- 
curately measured using, for example, a pipet orthe like 
and delivered to the sample application section 52. 
[0067] In the bio-device according to the present in- 
vention, the indicator substance holding section 51 and 
the determination section 54 are included in a single 
member. Due to such a structure, when a liquid sample 
is introduced to the sample application section 51, the 
first substance group, eluted by the action of the liquid 
sample, starts moving in the state of amass andmoves 
toward the determination section 54 while being diffused 
in the moving direction. Then, the first substance group 
passes through the determination section 54 in a short 


period of time. In a conventional bio-device, by contrast, 
the first antibody (corresponding to the first substance 
group) from the indicator substance holding section 12 
is diffused toward the determination section 16 as the 
5 first antibody gradually exudes without disruption. 
Therefore, a longer time period is required until a suffi- 
cient amount of first antibody reaches the determination 
section 16 than in the bio-device according to the 
present invention. The bio-device according to the 
10 present invention, which causes the reaction at the de- 
termination section 54 in a shorter time period than in 
the conventional bio-device, shortens the determination 
time. For example, most of the pregnancy tests per- 
formed by immunochromatographic devices require 3 
15 to 5 minutes to obtain a sufficient determination result 
after sampling. The bio-device according to the present 
invention provides a determination result in a shorter 
time period than 3 minutes with certainty. 
[0068] In a bio-device according to the present inven- 
20 tion, the determination section 54 is located such that 
the ratio of A:B is in the range of 1 :0.25 to 1:1; i.e., the 
B/A ratio is in the range of 25% to 1 00%. Due to such a 
setting, measurement which is more precise than in a 
conventional device can be realized in a short period of 
25 time and with higher reproducibility. 

[0069] The present invention will be further explained 
by way of illustrative, but non-limiting examples with ref- 
erence to drawings. 


[0070] An exemplary bio-device for measuring hCG 
in urine will be described. 

(a) Preparation of a device for setting the position of a 
determination section 

[0071] Figure 4 shows a structure of a position setting 
device body 40 for setting the position of a determination 
section. The position setting device body 40 includes a 
nitrocellulose membrane 43 having a sample applica- 
tion section 42 and an indicator substance holding sec- 
tion 41 thereon. The position setting device body 40 was 
prepared as follows. 

[0072] Gold colloidal particles as a coloring substance 
were prepared as follows. A 1% aqueous solution of cit- 
ric acid was added to a 0.01% aqueous solution of chlo- 
roauric acid having a temperature of 1 00°C, which was 
in a reflux state. The solution was continuously refluxed 
for 30 minutes and then left at room temperature to be 
cooled. The resultant gold colloidal solution was adjust- 
ed to be pH9 with a 0.2 M aqueous solution of potassium 
carbide. To the resultant solution, anti-hCG-a antibody 
was added and stirred for several minutes. Then, a 1 0% 
aqueous solution of BSA (bovineserum albumin) of pH9 
was added thereto in such an amount as to provide a 
final concentration of 1%. Then, the mixture was stirred. 
Thus, an antibody-gold colloid complex (labeled anti- 
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body or the first substance group) as an indicator sub- 
stance was obtained. The labeled antibody solution was 
centrifuged at 4°C for 50 minutes at 20,000 G so as to 
isolate the labeled antibody. The labeled antibody was 
suspended in a washing buffer solution (1% BSA-phos- 
phate buffer). Then, the obtained substance was centri- 
fuged so as to wash and isolate the labeled antibody. 
The labeled antibody was suspended in a washing buff- 
er solution and filtered by a 0.8 u,m filter. The amount of 
the labeled antibody was adjusted to 1/10 of the initial 
amount of the gold colloidal solution, and then the la- 
beled antibody solution was stored at 4°C. 
[0073] The labeled antibody solution was set in a so- 
lution injection apparatus, and applied to the nitrocellu- 
lose membrane 43 and dried. Thus, the position setting 
device body 40 (reaction layer carrier) having the indi- 
cator substance holding section 41 , which contains the 
labeled antibody (first substance group) ; on the nitrocel- 
lulose membrane 43 was produced. The position setting 
device body 40 was cut in a direction perpendicular to 
the indicator substance holding section 41 into a plural- 
ity of position setting devices each having a width of 0.5 
cm. 

(b) Setting of the position of the determination section 

[0074] A urine sample in an amount of 40 jxl was 
dropped to the sample application section 42 of the re- 
sultant position setting device. The position setting de- 
vice was set on a scanning stage of a reflection absorb- 
ance spectrometer. The manner of the flow of the la- 
beled antibody on the position setting device after the 
liquid sample was applied was examined usingmeas- 
urement over time of reflection absorbance. More spe- 
cifically, light was directed to a position of the position 
setting device which was appropriate for the determina- 
tion section. The holding width A of the indicator sub- 
stance holding section 41 in the moving direction, and 
the diffusion width B were measured using the method 
described above. The light was directed to a plurality of 
other positions also appropriate for the determination 
section, and the holding width A and the diffusion width 
B were measured. Thus, the relationship between each 
of the positions appropriate for the determination sec- 
tion and the corresponding diffusion width B was ob- 
tained. 

(c) Preparation of a bio-device 

[0075] Figures 5A and 5B show a bio-device 50 ac- 
cording to one example of the present invention. Figure 
5A is a plan view thereof, and Figure 5B is a side view 
thereof. The bio-device 50 includes a support 55; a ni- 
trocellulose membrane 53, having an indicator sub- 
stance holding section 51 and a determination section 
54, provided on the support 55; and a sample applica- 
tion section 52 and a water absorption section 56 pro- 
vided on the nitrocellulose membrane 53. The sample 


application section 52 is provided on a portion of the ni- 
trocellulose membrane 53 which is in the vicinity of the 
indicator substance holding section 51 . The above por- 
tion of the nitrocellulose member 53 does not contain 
5 the indicator substance. The water absorption section 
56 is provided on the opposite side of the nitrocellulose 
membrane 53 to the sample application section 52 with 
respect to the determination section 54. 
[0076] The bio-device 50 was prepared as follows. 
10 [0077] First, the determination section 54 was provid- 
ed. An aqueous solution of anti-hCG-p antibody having 
an appropriate concentration as a result of being diluted 
with a phosphate buffer was prepared. The antibody so- 
lution was applied on the nitrocellulose membrane 53 
15 using a solution injection apparatus. Thus, the antibody 
was immobilized on the nitrocellulose membrane 53 as 
the determination section 54. The resultant nitrocellu- 
lose membrane 53 with the determination section 54 
was immersed in a Tris-HCI buffer solution containing 
20 1 % skim milk and mildly shaken for 30 minutes. The ni- 
trocellulose membrane 53 was then put into a Tris-HCI 
buffer solution bath and mildly shaken for 10 minutes. 
Then, the nitrocellulose membrane 53 was again mildly 
shaken for 10 minutes in anotherTris-HCI buffer solution 
25 bath . After being washed twice in this manner, the nitro- 
cellulose membrane 53 was removed from the bath and 
dried at room temperature. 

[0078] Next, the indicator substance holding section 
51 was provided as follows. 
30 [0079] Gold colloidal particles as acoloring substance 
were prepared as follows. A 1 % aqueous solution of cit- 
ric acid was added to a 0.01% aqueous solution of chlo- 
roauric acid having a temperature of 1 00°C, which was 
in a reflux state. The solution was continuously refluxed 
35 for 30 minutes and then left at room temperature to be 
cooled. The resultant gold colloidal solution was adjust- 
ed to be pH9 with a 0.2 M aqueous solution of potassium 
carbide. To the resultant solution, anti-hCG-cc antibody 
solution was added and stirred for several minutes. 
40 Then, a 10% aqueous solution of BSA (bovine serum 
albumin) of pH9 was added thereto in such an amount 
as to provide a final concentration of 1%. Then, the mix- 
ture was stirred. Thus, an antibody-gold colloid complex 
(labeled antibody or the first substance group) as an in- 
45 dicator substance was obtained. The labeled antibody 
solution was centrifuged at 4°Cfor50 minutes at 20,000 
G so as to isolate the labeled antibody. The labeled an- 
tibody was suspended in a washing buffer solution (1% 
BSA-phosphate buffer). Then, the obtained substance 
50 was centrifuged so as to wash and isolate the labeled 
antibody. The labeled antibody was suspended in a 
washing buffer solution and filtered by a 0.8 u.m filter. 
The amount of the labeled antibody was adjusted to 1/10 
of the initial amount of the gold colloidal solution, and 
55 then the labeled antibody solution was stored at 4°C. 
[0080] The labeled antibody solution was set in a so- 
lution injection apparatus, and applied to the nitrocellu- 
lose membrane53 having the anti-hCG-|3 antibody (sec- 
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ond substance group) immobilized thereon as the de- 
termination section 54. The labeled antibody solution 
was applied to a position of the nitrocellulose membrane 
53 which is far from the determination section 54. Then, 
the nitrocellulose membrane 53 was dried. Thus, a re- 
action layer carrier (the nitrocellulose membrane 53) 
having the indicator substance holding section 51 and 
the determination section 54 was produced. 
[0081] The reaction layer carrier having the indicator 
substance holding section 51 thus produced was bond- 
ed to the support 55. The sample application section 
formed of unwoven cloth and the water absorption sec- 
tion 56 formed of a glass fiber filter were provided on the 
reaction layer carrier. The obtained assembly was cov- 
ered with a transparent tape (Nitto Denko; not shown) 
except for a part of the sample application section 52, 
and then cut into a plurality of bio-devices each having 
a width of 0.5 cm. 

[0082] Five bio-devices of each of eight types were 
produced using the results obtained with the position 
setting device 40. More specifically, the eight types of 
bio-devices respectively had A:B ratios of 1:0.05, 1: 
0.25, 1 :0.5, 1 :0.75, 1:1,1:1 .05, 1 :1 .1 , and 1 :1 .2. In other 
words, the eight types of bio-devices respectively had 
the B/A ratios of 5%, 25%, 50%, 75%, 100%, 105%, 
110% and 120%. 

[0083] The bio-devices thus produced were evaluat- 
ed as follows. 

(d) Evaluation of the bio-devices 

[0084] A urine sample containing 1 000 U/l of hCG was 
applied to the sample application section 52 of each bio- 
device in an amount of about 40 uJ. Five minutes later, 
the color of the determination section 54 caused by an 
antigen-antibody reaction was measured by reflection 
absorbance measurement. Specifically, the absorbance 
at 520 nm was measured using a reflection absorbance 
spectrometer (CS9300, Shimadzu Corporation). Figure 
6 is a graph illustrating the resultant relationship among 
the B/A ratio, absorbance, and CV value. The CV value 
for each type of bio-device was obtained from the meas- 
urement values of five bio-devices. More specifically, 
the CV value is calculated by: the standard deviation of 
the measurement values/average of the measurement 
values x 100. 

[0085] As can be appreciated from Figure 6, when the 
B/A ratio was in the range of 25% to 1 00%, both the CV 
value and the absorbance were superb. 
[0086] Next, three types of bio-devices having the B/ 
Aratios of 5, 50 and 1 20% were tested in a similar man- 
ner using urine samples containing 0, 100, 1000 and 
10000 U/l of hCG. 

[0087] As described above, 40 jxl of the urine samples 
were each applied to the sample application section 52 
of each bio-device. Five minutes later, the color of the 
determination section 54 of each bio-device was meas- 
ured using the reflection absorbance spectrometer and 


then the resultant color was subjected to an arithmetic 
operation. Specifically, the absorbance at 520 nm was 
measured, and substituted into a pre-prepared calibra- 
tion curve illustrating the relationship between the hCG 
5 concentration and the absorbance. Figure 7 is a graph 
illustrating the results obtained with the bio-devices hav- 
ing the B/A ratio of 5%. Figure 8 is a graph illustrating 
the results obtained with the bio-devices having the B/ 
A ratio of 50%. Figure 9 is a graph illustrating the results 
10 obtained with the bio-devices having the B/A ratio of 
120%. In Figures 7, 8 and 9, the horizontal axis repre- 
sents the hCG concentration of the urine sample deliv- 
ered to the bio-device. The vertical axis represents the 
hCG concentration obtained by the above arithmetic op- 
's eration based on the absorbance at 520 nm at the de- 
termination section 54. 

[0088] In an ideal condition, when the absorbance of 
a urinesamplecontaining, for example, 1000 U/l of hCG 
is measured and the absorbance is substituted into the 

20 calibration curve, the hCG concentration should be 
1 000 U/l. In actuality, the value of the hCG concentration 
is deviated. The magnitude of the deviation represents 
the accuracy of the measurement. 
[0089] As can be appreciated from Figure 7 regarding 

25 the bio-devices having the B/A ratio of 5%, the absorb- 
ance of the urine sample containing 100 U/l of hCG 
could not be measured. A possible reason is that the 
urine sample passed through the determination section 
54 before the hCG contained in the urine sample is suf- 

30 ficiently captured by the immobilized anti-hCG-p anti- 
body, and in a low concentration area of the hCG, meas- 
uring sensitivity was too low. 

[0090] As can be appreciated from Figure 9 regarding 
the bio-devices having the B/A ratio of 1 20%, the meas- 

35 uring accuracy was especially low in a high concentra- 
tion area of hCG. A possible reason is that since it took 
the urine sample an excessively long time to pass 
through the determination section 54, disturbance in the 
flow flux of the urine sample, variance in the reaction or 

40 the like occurred. 

[0091] As can be appreciated from Figure 8, accurate 
and precise quantitative measurement results were ob- 
tained with the bio-devices having the B/A ratio of 50%. 


[0092] Three types of bio-devices having substantial- 
ly the same structure as those of Example 1 were pre- 
pared. In the three types of bio-devices, areas between 
the indicator substance holding section 51 and the de- 
termination section 54 were respectively 175 mm 2 , 50 
mm 2 and 5 mm 2 . These bio-devices were subjected to 
substantially the same measurement as that of Example 
1 using urine samples containing 0, 100, 1000 and 
10000 U/l of hCG. The resultant absorbance was sub- 
jected to an arithmetic operation. 
[0093] Figure 10 is a graph illustrating the results ob- 
tained with the bio-devices in which the area between 
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the indicator substance holding section 51 and the de- 
termination section 54 was 175 mm 2 . Figure 11 is a 
graph illustrating the results obtained with the bio-devic- 
es in which the area between the indicator substance 
holding section 51 and the determination section 54 was 5 
50 mm 2 . Figure 12 is a graph illustrating the results ob- 
tained with the bio-devices in which the area between 
the indicator substance holding section 51 and the de- 
termination section 54 was 5 mm 2 . In Figures 10 : 11 and 
12, the horizontal axis represents the hCG concentra- 10 
tion of the urine sample delivered to the bio-device. The 
vertical axis represents the hCG concentration obtained 
by the above arithmetic operation based on the absorb- 
ance at 520 nm at the determination section 54. 
[0094] As can be appreciated from Figure 10, for the 15 
bio-devices in which the area between the indicator sub- 
stance holding section 51 and the determination section 
54 was 175 mm 2 , the curve representing the relation- 
ship between the hCG concentration of the urine sample 
delivered to the bio-devices and the hCG concentration 20 
at the determination section 54 is not linear in a high 
concentration area of 10000 U/l. Additionally, the CV 
value exhibits a large variance of 10 to 100%, which 
means that this type of bio-devices do not provide ac- 
curate and precise quantitative measurement. 25 
[0095] As can be appreciated from Figures 11 and12, 
when the bio-devices in which the area between the in- 
dicator substance holding section 51 and the determi- 2. 
nation section 54 was 50 mm 2 or 5 mm 2 , the curve rep- 
resenting the relationship between the hCG concentra- 30 
tion of the urine sample delivered to the bio-devices and 
the hCG concentration at the determination section 54 
is linear up to a high concentration area of the hCG. The 
CV value of each type of bio-device exhibits 3 to 28%, 
which means that these types of bio-devices provide ac- 35 
curate and precise quantitative measurement. 
[0096] The present invention optimizes the positional 
relationship between the indicator substance holding 
section and the determination section, and as a result, 
provides a bio-device realizing rapid, highly precise, and 40 
highly reproducible qualitative and quantitative meas- 
urement of a target substance in a liquid sample. The 
bio-device according to the present invention is suitable 
for POCT. 

[0097] Various other modifications will be apparent to 45 
and can be readily made by those skilled in the art with- 
out departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 50 
construed. 


Claims 

55 

1 . A bio-device used for measuring a target substance 
included in a liquid sample, comprising: 


a sample application section; 

an indicator substance holding section; and 

a determination section, 

wherein: 

the sample application section, the indicator 
substance holding section, and the determina- 
tion section are located so that the liquid sam- 
ple applied to the sample application section is 
transferred to the determination section via the 
indicator substance holding section, 
at least the indicator substance holding section 
and the determination section are included in a 
single member, 

the indicator substance holding section has a 
first substance group containing a substance 
specifically reacting with the target substance, 
wherein the first substance group is held so as 
to be capable of being eluted by the applied liq- 
uid sample, and 

after the first substance group is eluted by the 
liquid sample applied to the sample application 
section, the first substance group flows as a 
mass having a leading end and a trailing end 
during flowing. 

A bio-device used for measuring a target substance 
included in a liquid sample, comprising: 

a sample application section; 

an indicator substance holding section; and 

a determination section, 

wherein: 

the sample application section, the indicator 
substance holding section, and the determina- 
tion section are located so that the liquid sam- 
ple applied to the sample application section is 
transferred to the determination section via the 
indicator substance holding section, 
at least the indicator substance holding section 
and the determination section are included in a 
single member, 

the indicator substance holding section has a 
first substance group containing a substance 
specifically reacting with the target substance, 
wherein the first substance group is held so as 
to be capable of being eluted by the applied liq- 
uid sample, 

the determination section has a second sub- 
stance group containing a substance specifi- 
cally reacting with the target substance, the 
second substance group being in an immobi- 
lized state, and 

in a process in which the first substance group 
contained in the indicator substance holding 
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section is eluted by the action of the liquid sam- 
ple applied to the sample application section 
and reaches the determination section together 
with the liquid sample while being diffused in a 
moving direction of the liquid sample, a holding 
width A of the indicator substance holding sec- 
tion in the moving direction of the liquid sample 
before the application of the liquid sample, and 
a diffusion width B, which is a width of the indi- 
cator substance, relative to the holding width A, 
in the moving direction of the liquid sample 
when a trailing end of the first substance group 
reaches the determination section, has a ratio 
A:B of 1:0.25 to 1:1. 

3. A bio-device according to claim 1 , wherein an area 
between the indicator substance holding section 
and the determination section is equal to or greater 
than 3 mm 2 and equal to or less than 150 mm 2 . 

4. A bio-device according to claim 1 , wherein the sam- 
ple application section, the indicator substance 
holding section, and the determination section are 
in a dry state before the liquid sample is applied. 

5. A bio-device according to claim 1 , wherein the liquid 
sample is a bodily fluid. 


stance. 

1 1 . A bio-device according to claim 1 , wherein the indi- 
cator substance holding section and the determina- 

5 tion section are included in a porous member. 

1 2. A bio-device according to claim 1 1 , wherein the po- 
rous member is a nitrocellulose-based membrane. 

10 13. A bio-device according to claim 11, wherein the 
sample application section is stacked on the porous 
member including the indicator substance holding 
section and the determination section. 

15 14. A bio-device according to claim 11 , further compris- 
ing a water absorption section provided on the po- 
rous member including the indicator substance 
holding section and the determination section, the 
water absorption section being opposite to the indi- 

20 cator substance holding section with respect to the 
determination section. 

1 5. A bio-device according to claim 1 , further compris- 
ing a member, which is non-permeable to the liquid 
25 sample, adhering to at least a portion of the sample 
application section, the indicator substance holding 
section and the determination section. 


6. A bio-device according to claim 1 , wherein the sub- 
stance contained in the first substance group spe- 
cifically reacting with the target substance is labeled 
with a coloring substance, a fluorescent substance, 
a phosphorescent substance, a light-emitting sub- 
stance, an oxidoreductant, an enzyme, a nucleic 
acid, or an endoplasmic reticulum. 

7. A bio-device according to claim 6, wherein the 
coloring substance is a gold colloidal particle. 

8. A bio-device according to claim 2, wherein the first 
substance group includes a first antibody against 
the target substance, and the second substance 
group includes a second antibody against the target 
substance. 

9. A bio-device according to claim 2, wherein the first 
substance group includes afirst antibody and a sec- 
ond antibody against the target substance, the sec- 
ond antibody is labeled with biotin. and the second 
substance group includes avidin specifically react- 
ing with biotin. 


1 6. A quantitative measurement apparatus for measur- 
30 ing a target substance included in a liquid sample, 

the quantitative measurement apparatus compris- 
ing: 

a bio-device according to claim 1 ; and 
35 a measuring device for quantitatively measur- 

ing a physical or chemical signal obtained at a 
determination section of the bio-device. 

1 7. A quantitative measurement method for measuring 
40 a target substance included in a liquid sample using 

the quantitative measurement apparatus according 
to claim 16, the quantitative measurement method 
comprising the steps of: 

45 applying a prescribed amount of a liquid sample 

to a sample application section; and 
quantitatively measuring a physical or chemical 
signal obtained at a determination section by a 
measuring device of the quantitative measure- 

50 ment apparatus. 


10. A bio-device according to claim 2, wherein the first 
substance group includes afirst antibody and a sec- 
ond antibody against the target substance, the sec- 55 
ond antibody is labeled with a magnetic substance, 
and the second substance group includes a sub- 
stance magnetically capturing the magnetic sub- 


12 


EP 1 253 427 A2 



13 


EP 1 253 427 A2 



14 


EP 1 253 427 A2 


FIG. 3 

o.a r— 



-0. ] I 1 , 1 . 1 

0 5 10 15 20 

Width of the first substrate group (mm) 


15 


EP 1 253 427 A2 




16 


EP 1 253 427 A2 



17 


EP 1 253 427 A2 


FIG. 7 
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FIG. 9 
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FIG. 10 
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tion; an indicator substance holding section; and a de- 
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stance group is eluted by the liquid sample applied to 
thesample application section, the first substance group 
flows as a mass having a leading end and a trailing end 
during flowing. 
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